Introduction
Oesophago-gastric leaks, perforations and fistulae are complex and often require surgical intervention. Wide uptake of resection bariatric surgery and interventional endoscopy has increased prevalence of the upper gastrointestinal tract injuries beyond that of leaks following cancer surgery. An indication of increasing frequency of such conditions in the last decade is the proliferation of literature related to the use of endoscopic therapies as alternatives to surgical management. [1] [2] [3] [4] [5] [6] Endoscopic approaches not only seek to minimize invasive surgery and trauma to patients but they also present challenges due to the acuity of presentation and variability of the underlying pathologies.
The aim of this article is to review the endoscopic therapies available and the results of the application of such endoscopic therapies to this complex group of patients.
Methods
Between 2004 and July 2015, 64 patients presenting to the senior author with oesophago-gastric leaks or perforations were managed with an endoscopic modality as the primary therapy.
Asuite of endoscopic modalities was used. Techniques and equipment were refined over the duration of this retrospective series. Endoscopic options employed included self-expanding metal stents (SEMS), pneumatic dilation to 30-35 mm, pigtail stents for internal drainage of abscesses, tissue apposition using clips (through-the-scope clips (TTSC) or over-the-scope clips (OTSC)), fistula plugs or glue. Fully covered SEMS (FCSEMS) were generally sutured in place surgically when they were deployed (Fig. S1 ), and if surgery was not planned self-retaining partially covered SEMS (PCSEMS) were used.
Patients were offered tailored therapy based on the degree of tissue injury and sepsis (Table 1) . Endoscopic therapy was predominantly stent-based early in the series, although 'pathology specific' therapy emerged over time. Patients with clean or instrumental perforations were treated by direct closure with clips if the defects were small or by endoscopic stent placement without external drainage if the perforation was large or associated with luminal stenosis. For patients with leaks associated with surgical resection, the use of stenting was initially used as the preferred modality early in the series but is now reserved for patients with extensive peritoneal contamination and internal drainage has became the dominant therapy for the majority of patients either as primary or 'bail-out' therapy when other endoscopic therapies failed to completely resolve a leak.
Internal drainage of abscesses was achieved using pigtail (7-Fr × 7 cm) plastic biliary stents (Fig. 1) , which are placed between the abscess cavity and the gut lumen as an alternative to external drainage using surgery or radiology. In sleeve gastrectomy cases, stenosis distal to the fistula was dilated with a 30-35 mm of pneumatic achalasia balloon if a fistula was noted to persist after SEMS removal or if an internal drain was placed (Fig. 2) . 
Persisting fistula
Replace FCSEMS with PCSEMS.
Internal drainage ± dilation.
FCSEM, fully covered self-expanding metal stents; GI, gastrointestinal; PCSEMS, partially covered self-expanding metal stents. Usual supportive care including radiologic drainage and enteral feeding were used as appropriate and surgery, when utilized, was limited to the establishment of drainage, stent fixation and access for nutrition.
Success was defined as (i) successful application of an endotherapy with (ii) healing of perforation or fistula resolution and (iii) discharge of the patient on a normal diet without fistula recurrence.
Results
A total of 64 patients were treated since 2004. Of these, 21 were post-sleeve gastrectomy, 10 had contaminated oesophago-gastric oesophageal perforation or Boerhaave syndrome, 10 had clean endoscopic perforation, nine had leak after Ivor-Lewis oesophagogastrectomy, nine had leak following total gastrectomy and five had leak following Roux-en-Y gastric bypass surgery. There were five (7.8%) deaths in the cohort and two patients required surgery for persisting fistulae. Successful management with initial therapy was achieved in 53 out of 64 patients (83%) and follow-up with alternate endotherapy led to a final success rate of 89%.
Of the 43 non-sleeve gastrectomy patients, 32 were treated with FCSEMS, with initial fistula control or closure achieved in 28 instances (87.5%). Replacement of a FCSEMS with a PCSEMS resulted in fistula closure in one patient with Boerhaave syndrome in whom the original FCSEMS impacted the gastric fundus (Fig. S2 ). Another patient, with a surgical perforation of the cardia, who failed to achieve early fistula control with a FCSEMS and external drain, had the stent removed and the defect closed with an OTSC (Ovesco Endoscopy AG, Tubingen, Germany). A further patient who failed to get adequate control with two sequential PCSEMS had the stents removed and replaced by endoscopically placed pigtail drains into a persisting cavity external to the anastomosis.
In the non-sleeve gastrectomy group, a total of five deaths occurred. One patient died of a late gastrointestinal bleed secondary to anti-coagulation, two patients died of organ failure and one of an aspiration event due to stent-related reflux. The only patient who had a fistula draining luminal content at the time of death was a patient with a massively dilated oesophagus who died of respiratory failure 3 months after an oesophageal myotomy and diverticulum excision. Fistula closure failed despite use of sequential large diameter PCSEMS, FCSEMS and placement of an OTSC. These stents were subsequently removed and the leak was left to close secondarily as end-stage pulmonary fibrosis precluded thoracotomy for oesophageal exclusion.
Of the 21 sleeve gastrectomy patients, 12 were treated with FCSEMS (eight sutured at laparoscopy). In comparison with nonsleeve gastrectomy patients, this cohort did not experience rapid cessation of fistula drainage post SEMS placement. These patients often did not tolerate oral fluids and required enteral feeding. Three patients failed initial treatment with SEMS placement. The first had the SEMS removed early due to intolerance and failed other endoscopic modalities (OTSC, fistula plug, glue placement) before undergoing Roux-en-Y anastomosis to the low-volume fistula 6 months later. One was not a candidate for surgical fixation of a FCSEMS due to late diagnosis and a hostile abdomen. After failed FCSEMS, PCSEMS, clips, fistula embolization and conversion to gastric bypass, the patient eventually underwent total gastrectomy with a mediastinal oesophago-jejunal anastomosis. The final patient with reasonable fistula control by a sutured FCSEMS had the stent removed and replaced by internal pigtail drains after a gastrointestinal bleed associated with dialysis.
Internal abscess drainage was employed as a primary therapy in 12 patients with contained abscesses complicating resectional surgery, and a further two patients as follow-up therapy after SEMS placement (sleeve gastrectomy combined with 30 mm pneumatic dilation n = 7, total gastrectomy n = 5, Ivor-Lewis oesophagogastrectomy n = 2). This involves placement of a pigtail biliary plastic stent into the abscess via the fistula orifice at endoscopy as an internal-external drain. 7 These patients were able to recommence a fluid diet soon after drain placement and had an uncomplicated recovery without recurrence of their leak or abscess.
Four sleeve gastrectomy patients with persisting low-volume fistulae despite SEMS placement by other clinicians were referred for management. Stent extraction and 30-mm pneumatic balloon dilatation of the sleeve tube resulted in successful fistula resolution.
Discussion

Endotherapy methods
Endotherapies aim to reproduce the surgical strategies of (i) tissue closure; (ii) diversion of enteric stream (stenting); (iii) drainage; and (iv) stricture management. Many of these methods can be used in combination with others, and if a patient fails to obtain a successful outcome with their initial management then other alternatives can be attempted (Table 1) .
Endoscopic tissue closure: laceration, perforation or fistula Tissue closure can be achieved with endoscopic clips or glue. A variety of TTSCs and an OTSC 8 can be used and is the case surgically, a clipped laceration or perforation can be expected to heal in the absence of sepsis and diffuse tissue injury. Chronic fistula tracts can be amenable to clipping and/or embolization with glue or plugs, 9 but only if (i) the abscess cavity has been ablated by adequate drainage, (ii) downstream obstruction has been treated and (iii) consideration has been given to obliteration of sinus tract epithelium. Literature about this particular topic is sparse and there are no large series in the current literature perhaps suggesting a significant failure rate as seen in this cohort.
Diversion of enteric stream: SEMS
The success rates of endoscopic SEMS placement in the published literature range from 40 to 80%. 10 After stent placement some patients can tolerate a fluid diet if a complete seal has been obtained, and while optimal duration of placement may vary, stents can generally be removed within 2-6 weeks. SEMS placement can be associated with significant post-procedure discomfort and dysphagia, which is why internal drainage has become the author's preferred therapy in patients with localized leaks.
It is known that stent migration and treatment delays can lead to failure but there is little in the literature to guide stent selection. [11] [12] [13] [14] [15] [16] Most stents used for fistula management are being used 'off-label', but understanding their physical characteristics can help when selecting a stent for a particular patient. Stents are characterized by their length, width, the 'weave' of the expanding component, whether the stent is a single piece or segmented, proximal and distal flare diameter, and whether there is an uncovered or anti-migration segment present.
Stent types: PCSEMS. Partially covered stents [17] [18] [19] are probably the most frequently used, attesting to their ease of deployment and efficacy. A stent such as the Boston Scientific Wallflex (Natick, MA, USA; 18 × 100-150 mm) is placed with the covered portion covering the defect. The stent has proximal and distal 23 mm uncovered mesh flares for tissue ingrowth to prevent stent migration and create an effective seal. The stent may be anchored in place by an endoscopic clip to maintain its position until tissue ingrowth is fully established (Fig. S3) .
PCSEMS are removed as a two-stage "stent-in-stent" procedure. After the fistula has healed, placing a wider and longer FCSEMS within the PCSEMS facilitates stent detachment. Decubitus pressure upon the mesh component of the narrow stent by the larger stent inside it makes the mesh ingrowth tissue retreat, allowing removal within a week.
FCSEMS. Fully covered stents lack the ability to integrate into tissues and can be removed with ease. Lack of tissue integration, however, leads to migration risk 2 and poor outcomes that may have affected the wider usage of stenting among surgeons. Fixation of the stent in good position requires placement across a stenosis, fixation with clips or anti-migration features in the stent itself.
Stent failure. There are many factors that may contribute to stent failure, including luminal disparity, stent migration and stent straightening and if stent placement is not associated with total or near total cessation of fistula output, the patient will be exposed to the risks of failed therapy. A stent that is too narrow may not effectively seal a leak but care also has to be taken in the oesophagus not to select a stent of excessive diameter and to remove stents by 6 weeks in order to prevent decubitus ulceration, which can lead to stenosis and, although rare, stent migration through the oesophageal wall. 20 Metal stents are 'self expanding' 21 and after deployment they have a tendency to straighten, creating the risk of impingement against a curving or deformable gut wall causing obstruction and decubitus ulceration. This effect can be accentuated by even minor distal migration of the stent and typically occurs when a stent passes through the gastro-oesophageal junction and impacts on the fundus or greater curve of the stomach, or in sleeve gastrectomy where the stent impacts on the lateral wall of the antrum just distal to the incisura. This can be diagnosed radiologically by contrast studies that will show the stent to be full of fluid, with contrast running external to it and endoscopy through the stent will reveal a characteristic traumatic pseudo-polyp (Fig. S4 ) in the gut lumen at the point of impaction.
FCSEMS have significant migration/impaction risk if only endoclips or moderate stenoses are relied upon to hold them in place and increasing stent diameter does not appear to change migration rate. 22 Newer purpose-built stents 23 designed to conform to gastrointestinal anatomy or with anti-migration elements may reduce migration rate but data are lacking. Suturing the stent in place with absorbable sutures at the time of placement is a simple and reliable method of ensuring stent fixation (Fig. S1 ). Because many patients require laparoscopy for lavage and drain placement, this can be performed at the time of stent placement. The larger OTSC may be a suitable alternative to hold the stent in position if laparoscopy is not considered 24, 25 as is endoscopic suturing.
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Surgery and disease processes create idiosyncratic anatomy. Therefore, consideration of the anatomy should lead to differing stent choices. No stent is suitable for all situations, so an inventory of several stents, including long PCSEMS, and variable length and diameter FCSEMS is required, taking into account the variabilities of patient anatomy and the locations where stents could be required.
The 'holy grail' of stents would have at least three segments to allow the proximal and distal ends to conform to the gastrointestinal tract, wide proximal and distal flares to create a seal against antegrade and retrograde leak, a reliable anti-migration feature and be easy to remove. At present, such a stent does not exist. Although purpose-built stents for benign indications exist, they are imperfect; hence, the 'off label' use of stents designed for different purposes remains the norm.
Endoscopic drainage
Endoscopic placement of stents across the gut wall to allow internal drainage has shown high technical and clinical success rates in the management of pancreatic pathologies. 27, 28 However, this is not a commonly employed method for management of oesophago-gastric pathologies.
In this series of patients with contained or externally drained abscess, the 100% success rate and ability to safely start a fluid diet within days appears encouraging, although the method is unlikely to be suitable for uncontained perforations.
Stricture or stenosis management
Stenosis distal to a perforation can be addressed with through-thescope dilating balloons or pneumatic dilation to 30 mm or above. If a covered stent is chosen to manage a sleeve leak, the angularis has to be taken into account -usually by traversing it to have the distal part of the stent pointing at the pylorus. Stents placed above even a slight angularis stenosis are prone to failure and the authors advocate the use of long stents or dual stent placement to span the stomach from the antrum to several centimetres above the gastro-oesophageal junction.
Patient factors
Patients with free perforation, severe sepsis and bowel obstruction are more likely to require surgery, and it seems that there are also some factors that can predict the likelihood of early versus late healing of a perforation or leak. Patients with minimal tissue loss, a 'dry' gut lumen and low intraluminal pressure appear more likely to rapidly heal. Typical 'dry/low pressure' patients are those with fistulas after gastric bypass, total gastrectomy and patients with oesophageal perforation above the lower oesophageal sphincter. In these patients the gut is empty (except for swallowed secretions) and no obstruction to enteric flow exists. Typical 'wet/high pressure' cases are patients with significant ileus or distal bowel obstruction and patients where there is a sphincter or stricture distal to the fistula such as oesophagectomy and sleeve gastrectomy patients. In these cases, there are significant volumes of enteric content or gas distending the gut lumen leading to retrograde movement of gut content and difficulty in creating a seal with SEMS.
The sleeve gastrectomy leak typifies potentially the most difficult type of fistula. These patients have a low volume but 'wet', low compliance/high pressure stomach with stenosis at the angularis and pylorus with fistulae commonly occurring at the upper stomach where the insertion of the oesophagus can lead to pulling of the cardia into the negative pressure environment of the thoracic cavity with each swallow.
Conclusion
This large single-centre series demonstrates a variety of endoscopic techniques that can offer successful minimally invasive therapies for the management of perforations and post-surgical leaks and fistulae. Any clinician undertaking endoscopic management of patients should be familiar with a broad range of therapeutic options and have a suitable armamentarium of devices at their disposal. Endotherapies seek to replicate surgical strategies of tissue closure, enteric diversion, abscess drainage and stenosis management. While avoiding the potential trauma of surgery, endoscopic therapy is still an evolving complex field. Surgeons will remain central to the management of these patients even if they are not performing the endoscopic intervention, as there are likely to be patients in whom endoscopic therapies will fail. Not every clinician is expected to be facile with these techniques, and while the occasional user of these therapies is to be discouraged, knowledge of which patients may be managed endoscopically can help reduce the impact of these conditions on both patients and their treating surgeons. 
Supporting information
Additional Supporting Information may be found in the online version of this article at the publisher's web-site: Figure S1 . Stent fixation at laparotomy for major disruption of stapled oesophago-jejunostomy anastomosis. Figure S4 . Typical pseudo-polyp in the antrum of a sleeve gastrectomy patient with a migrated FCSEMS and ongoing fistula output.
